A biopsy specimen of the motor nerve to the gracilis muscle was obtained in 151 patients to aid in the diagnosis of neuromuscular disorders. The procedure is simple, safe, and has low morbidity and complication rates. The surgical technique is described. Indications for the use of this technique are motor neuropathy, motor neuron disease, Guillain-Barre syndrome, and mixed neuropathy with prominent motor symptoms.
The obturator nerve is derived from the L2-4 roots, emerges from the obturator foramen, and divides into two branches at the lateral border of the adductor brevis. The posterior branch passes deep to the adductor brevis and innervates the adductor magnus. The anterior branch innervates the adductor brevis and then proceeds medially to end in three terminal branches. The most superficial one innervates the adductor longus. An intermediate branch, the medial cutaneous nerve of the thigh, provides sensibility to a skin territory in the distal and medial aspect of the thigh. Frequently, sensory branches from the femoral nerve supply the same skin territory. The last branch joins the medial femoral circumflex vessels at the hilum of the gracilis and innervates it (Fig. 1) . Fig. 1 . Artist's illustration demonstrating the relationship between the terminal branches of the anterior branch of the obturator nerve and gracilis muscle. a. = artery; n. = nerve; v. = vein.
INDICATIONS AND CONTRAINDICATIONS FOR BIOPSY
Biopsy of the motor nerve of the gracilis muscle is indicated in neuromuscular diseases that affect the thigh adductor musculature. These include pure motor neuropathy, sensorimotor neuropathy with predominant motor symptoms, Guillain-Barre syndrome, and motor neuron disease. Obtaining a biopsy specimen may be particularly advantageous in differentiating motor neuropathy from motor neuron disease; however, it is contraindicated in patients with coagulopathy or active perineal infections. Gracilis muscle biopsy is technically difficult to perform in patients with massive obesity and adduction contracture of the thigh.
BIOPSY TECHNIQUE
The patient is placed supine with the thigh abducted and externally rotated approximately 60° (Fig. 1 ). An imaginary line from the pubis bone to the medial tibial condyle is outlined. Using a Doppler probe, the location of the medial femoral circumflex artery along that line is determined. Usually, it is located three-to four-finger breadths distal to the pubis bone. A 6-cm longitudinal incision is made over that point after infiltration with local anesthetic. The dissection proceeds to the intermuscular plane between the adductor longus anteriorly and the gracilis posteriorly. The motor nerve of the gracilis is seen to proceed from proximal-lateral to distal-medial at approximately a 45° angle to the long axis of the limb. It penetrates the deep lateral muscle surface at its hilum. The nerve is 2 to 3 mm in width; a segment measuring approximately 4 cm can usually be obtained. Injury to the motor nerve of the adductor longus muscle must be avoided. If a sensory nerve biopsy is also warranted, the medial cutaneous nerve of the thigh, which measures approximately 1 mm in width, is dissected from the undersurface of the adductor longus and a biopsy specimen is obtained (Fig. 1) .
PATIENT POPULATION
Between 1991 and 1996, 152 gracilis muscle motor nerve biopsies were obtained in 151 patients at Columbia-Presbyterian Medical Center in New York. There were 84 men and 67 women. Their ages ranged from 21 to 82 years (average 59 years). Right-sided biopsies were obtained in 72 patients, left-sided biopsies in 78 patients, and both sides in one patient. A gracilis muscle biopsy was obtained in each instance except in four cases, as planned preoperatively. Three biopsies were obtained in the adductor longus, medial gastrocnemius, and deltoid muscles instead. In the patient in whom bilateral biopsies were obtained, only a contralateral motor nerve biopsy was obtained during the second procedure.
RESULTS
The motor nerve was present in all patients. The medial femoral cutaneous nerve was present in 101 patients (67%) and absent in 50 patients (33%). Surgical complications included cellulitis in one (0.66), seroma in one, and a hematoma and seroma in one patient who developed coagulopathy attributable to high-dose steroid therapy. One patient suffered pulmonary aspiration postoperatively due to weakness of the swallowing musculature caused by motor neuron disease, which was not related to perioperative medications. Two patients (1.3%) required reoperation to drain a fluid collection in the medial thigh; both healed uneventfully. The patient with cellulitis responded to oral antibiotic therapy and healed without sequelae.
DISCUSSION
Biopsy of the motor nerve to the gracilis muscle is a simple procedure. It has an acceptably low complication rate. Although the majority of patients already had weakness caused by their underlying disease, none complained of additional weakness or sensory loss as a result of the biopsy. Deutinger, et al., [3] examined 42 patients in whom the gracilis muscle was used in reconstruction. In their series, there was an average decrease in thigh adduction strength of 11% and an area of hypesthesias in 40.5% of the patients; however, none of those patients noticed these changes.
Motor neuropathy and motor neuron disease in patients presenting with weakness may be difficult to differentiate on clinical grounds alone. Motor nerve analysis may provide an important distinction between these two diseases. Preliminary data from our institution disclose the usefulness of such analysis [2] . In addition, better understanding of the underlying pathophysiological processes may have diagnostic and therapeutic implications in the future.
CONCLUSIONS
The motor nerve of the gracilis muscle has constant anatomy, is dispensible, and its biopsy leaves the patient with minimal morbidity and disability. Its analysis could reveal important pathophysiological mechanisms in neuromuscular diseases.
